The aim of the study was to evaluate the combined efficacy of foot care education and recombinant human platelet-derived growth factor (rhPDGF) on the wound healing in foot ulcers among adults with type 2 diabetes (T2D). Subjects and Methods: A randomized control trial and a factorial design were used in this study in a 500-bedded private teaching hospital with four major surgical units in 2013. A sample size of 50 adults with T2D was selected in each of the three groups; the combined intervention (foot education and rhPDGF), the medication intervention (rhPDGF), and the control group (CG) (Betadine gel). A standard clinical practice guideline was adopted for the three groups at baseline, 15 th day, and 30 th day. A modified Bates-Jensen wound assessment tool was used to assess the wound healing. Results: Combined efficacy of foot care education and rhPDGF resulted in complete closure of wound with a mean time of 15.91 days compared to the medication intervention (rhPDGF) and the CG in foot ulcers. There was better wound healing characteristics among adults with T2D exposed to the foot care education and rhPDGF compared to the use of rhPDGF and Betadine. Conclusion: Combined efficacy of foot care education with PDGF improved the total wound healing and ensured better wound characteristics in lower extremity foot ulcers among adults with T2D.
INTRODUCTION
Adults with type 2 diabetes (T2D) have increased body fat and insulin resistance and has been associated to younger age, high body mass index (BMI), and waist circumference leading to complications such as retinopathy, nephropathy, neuropathy, angiopathy, cerebrovascular, and peripheral vascular disease. [1] Adults with T2D have a 25% risk of developing foot ulcers and an 85% risk of lower-extremity amputation. [2] Foot ulcers are caused by injury due to impaired sensation, vision, ineffective circulation, infections, biochemical changes, and limited joint mobility. [3] Age, gender (male), depression, alcohol, [4, 5] ethnicity, [6] education, duration more than 10 years, high BMI, poor glycemic control, [7] peripheral neuropathy, abnormal structure of foot, peripheral arterial disease, smoking, previous ulcer or
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Wound healing is controlled by growth factors such as platelet-derived growth factor (PDGF), vascular endothelial growth factor, and basic fibroblast growth factor. [8, 9] Standard medications used for foot ulcers delay healing and cause further complications. Recombinant human PDGF (rhPDGF-BB) initiates healing after its release from platelet aggregating. [10] Becaplermin gel (100 μg/g) is used for treating foot ulcers extending to the subcutaneous tissue with adequate blood supply among adults with T2D. [11, 12] Foot care clinical practice guidelines are used for wound care. There are very few studies on the combined efficacy of foot care education and rhPDGF in improving wound healing among adults with T2D. This study was conducted to assess the efficacy of foot care education and topical rhPDGF in wound healing in Grade 1 and 2 foot ulcers among adults with T2D in India.
SUBJECTS AND METHODS
A randomized control trial was used to assess the combined efficacy of foot care education and PDGF on wound healing in lower extremity foot ulcers among adults with T2D. A factorial design with three clusters, the combined intervention (foot care education and rhPDGF/becaplermin gel), the medication intervention (use of PDGF/becaplermin gel), and the control group (CG) (use of Betadine gel 1%/povidone-iodine) was used. Wound healing was assessed with modified Bates-Jensen wound assessment tool (WAT) at baseline, 15 th day, and 30 th day for all the groups using repeated measures.
This study was conducted at a selected 500-bedded private teaching hospital with four major surgical units. At the time of the study, 200 adults with foot ulcers and T2D were registered in the inpatient surgical unit.
The sample size was determined to achieve a small population effect size at power of 90% and delta value of 0.7 at two-sided 0.05 level of significance. [13] The total sample size was estimated was 50 adults with T2D in the combined intervention group (CIG), 50 adults in the medication intervention group (MIG), and 50 adults in the CG. Cluster randomization was used to select the adults with T2D and lower extremity foot ulcers registered in this diabetes clinic between March and April 2013. This involves randomly assigning clusters of adults with T2D to the three intervention groups through a computer generated numbers across three measurements (baseline, day 15, and day 30) [ Figure 1 ].
Inclusion criteria
Adults aged > 18 years and above diagnosed with T2D with Grade 1 and 2 foot ulcers, presence of dorsal or 
Exclusion criteria
Adults who had an ankle brachial pressure index of >0.71, electrical/chemical/radiation burns, venous sufficiency, uncontrolled infection, cellulitis, osteomyelitis, concomitant diseases (cancer, rheumatic, or vascular collagen disease), chronic renal insufficiency, uncontrolled hyperglycemia, amputation, cognitive, sensory impairments, hypersensitivity to PDGF and Betadine, and those on immunosuppressives were excluded.
The modified Bates-Jensen WAT was used in this study, which has 13 items with five graded options depending on the wound characteristics and total of 65 score. [14, 15] The WAT consist of wound size, depth, edges, undermining, necrotic tissue type, necrotic tissue amount, exudate type, exudate amount, skin color surrounding wound, peripheral tissue edema and induration, granulation tissue, epithelialization. Scores range from 1 to 5, and higher the score, the more severe is the wound status. Wound status continuum is scored from 1 (healthy tissue) to 13 (wound regeneration) up to a score of 60 (wound degeneration). The inter-rater reliability of the WAT was 0.85. [16] In this study, the reliability test of the WAT was done among 30 adults with foot ulcers using inter-rater reliability. The tool was found to be appropriate, valid, and reliable (r = 0.88).
Ethical approval was obtained from the Institutional Hospital Board (FMMC/IG/1/2013). The eligibility criteria were confirmed, and informed consent was obtained from the adults with T2D before enrollment in the study. The study protocol, data collection procedure, and the ethical guidelines were explained to the adults with T2D. These adults were examined and admitted for treatment under the surgical consultant and medical specialist. Preassessment of wound was done at baseline, and post assessment of wound on day 15 and day 30. The three groups (intervention, medication, and control) were provided standard medical care of appropriate antibiotics based on blood culture and sensitivity report, prescribed hypoglycemic agents (insulin/ oral form), and wound care protocol (aseptic surgical wound dressing technique). The wound size and depth was measured before selecting the dose of rhPDGF length (cm) × width (cm)/4. Intended dose was 8 μg/cm 2 ulcer per day with an average body weight of 40 kg.
Adults with T2D in the CIG or Group 1 were delivered foot care education and topical application of rhPDGF. Adults with T2D in the MIG (MIG or Group 2) received topical application of rhPDGF gel. Adults with T2D in the CG or Group 3 were treated with local application of Betadine gel 1% (povidone-iodine). The MIG consisted of twice a day application of rhPDGF/becaplermin gel (0.01%) based a universal wound care protocol. Antibiotics, insulin, and wound care protocols was a standard clinical protocol for 30 days. For the CG, wound cleansing was done twice a day with normal saline and Betadine (1%), a broad spectrum antiseptic, a nongrowth factor resulting from the combination of molecular iodine and polyvinylpyrrolidone.
The CIG received foot care education 3 times during the study. They were provided foot care education on day 2 (direct face-to-face interactive foot care education), on day 10 (reinforcement of foot care education), and on day 20 (motivation to follow foot care education). Topical application of rhPDGF was administered twice daily using wound care clinical practice protocol. Foot care education was delivered by the registered nurse on total nonweight-bearing (use of crutches and wheelchair) and pressure off-loading (use of splints, plaster of Paris casts with plantar ulcers), use of specialized footwear (microcirculation), prevention of infection and complications, and good foot care practices. Ongoing monitoring for signs of blood glucose, infection, pressure off-loading, and nonweight bearing were conducted on a daily basis and maintained in the patient log book.
Multivariate test (General Linear) repeated measures using IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp with last variable as repeated measure was used to evaluate changes in the dependent variables (wound healing at baseline, 15, and 30 days) across the three groups (CIG, MIG, and CG). This test was used to compare between groups by accounting to variation and adjust comparisons between groups for imbalance in important prognostic variables between these groups. [17] 
RESULTS

Demographic and clinical variables
Nearly half percent of the adults with T2D had history of foot ulcers in the CIG (46%) and the CG (46%) compared to those in the MIG (40%) [ Table 1 ].
One-third percent of the adults with T2D had glycated hemoglobin more than 7.6% in the CIG (52%) compared to the MIG (48%) and the CG (50%).
Post-test wound healing status at 15 and 30 days was higher among adults with T2D in the CIG compared to the MIG and CG [ Figure 2 ]. Post-test wound healing status at 15 and 30 days was higher among adults with T2D in the CIG [ Figure 3 ] compared to the MIG at day 15 and 30 [ Figure 4 ] and CG [ Figure 5 ].
Multivariate test
Factor 1 shows the differences among all the wound healing characteristic variables in foot ulcers across the three measurements (day 1, 15, and 30) among adults with T2D in the CIG, MIG, and CG [ Table 2 ].
There is a significant difference among adults with T2D provided foot care education and rhPDGF in the CIG (n = 50), MIG (n = 50), and CG (n = 50). Among the adults with T2D exposed to foot care education and rhPDGF in the CIG, MIG, and CG (n = 150), if compared, between the baseline, 15, and 30 days, there is a significant difference in wound healing. Factor 1 * group among the adults with T2D in the CIG, MIG, and CG show significant difference in the effectiveness of foot care education and rhPDGF among adults with T2D in the CIG, compared to those adults in the MIG and CG.
Tests of within-subject effects
Measure 1 shows the transferred variable average [ Table 3 ]. Factor 1 shows the significant difference in foot care education and wound healing in foot ulcers among the CIG, MIG, and CG.
DISCUSSION
In this study, total wound healing status was significantly higher with better clinical outcomes such as short treatment periods and total wound closure among adults in the CIG (foot care education and PDGF) compared to MIG and CG. Other studies reported the same with fewer complications during rhPDGF treatment. [18] [19] [20] [21] [22] [23] [24] [25] Higher mean scores were found with foot care education. [26] In this study, adults with T2D in the CIG had a good reduction of wound characteristics compared to MIG and CG. CIG showed major changes in wound characteristics on day 15 and 30 when compared to CIG and CG. Other studies showed that off-loading with nonremovable devices were effective for ulcer healing. [27, 28] Total wound healing was higher among adults with T2D in the CIG (foot care education and PDGF) compared to MIG and CG. PDGF was more effective in changing exudates type over foot ulcer compared to Betadine. [29] Significant differences existed between CIG, MIG, and CG, with PDGF showing reduced exudate amount compared to Betadine. Other studies reported the similar findings with use of PDGF. [11, 30, 31] There was an improvement in ulcer healing with best foot care practice guidelines [32, 33] and foot care education improved foot care practice. [34] [35] [36] Local effects and systemic absorption was not reported among the adults with T2D in the three groups.
The mechanism of action of rhPDGF in wound-healing and tissue-forming ability in foot ulcers [ Figure 6 ] is by chemotaxis, binding to tyrosine kinase receptors, paracrine action, fibroblast, and smooth muscle cell proliferation and differentiation. [12, [37] [38] [39] Angiogenesis, intracellular matrix deposition and extracellular matrix production, immune modulation, and remodeling take place. [39] This enhances granulation tissue and epithelialization among adults with T2D. This has been seen in other studies. [12, [37] [38] [39] Significant wound healing was seen among adults with T2D in the CIG as compared to MIG and Betadine, especially for the mean peripheral tissue edema and induration. [40] rhPDGF exert their functions on wound site by binding to three different transmembrane tyrosine kinase receptors, which are homo-or heterodimers of an α-and a β-chain and platelets aggregate Upon injury, PDGF is released in large amounts from degranulating platelets, promote angiogenesis and chemotaxis. Cell proliferation and differentiation, and intracellular matrix deposition occur Expression patterns of PDGF form extensive tissue-forming abilities, proliferate and synthesize glycosaminoglycans and proteoglycans, extracellular matrix of granulation tissue produce collagen
Augmented PDGF production are involved in hypertrophic scars and keloids due to the potent effect of PDGF on fibroblast proliferation and extracellular matrix production in wound healing Enhances granulation tissue formation and epithelization in wound healing, total wound closure and reduces foot ulcer and recurrence. 
CONCLUSION
In this study, combined foot care education and PDGF in the CIG resulted in complete wound healing of foot ulcers with mean time of 15.4 days compared to MIG and CG among adults with T2D. This study showed that higher wound healing with off-loading or reducing pressure sensitivity and nonweight bearing in foot ulcers was effective. Early screening, initiation of wound care, and monitoring blood glucose ensures improvements in the total wound healing and wound healing characteristics. These best foot care practices are beneficial for reducing complications of foot ulcers.
Hence, this study shows that combined foot care education and PDGF was found to be safe and highly effective in healing Grade 1 and 2 foot ulcers and had significantly better healing compared to use of PDGF alone and Betadine.
Limitations of the study are small sample size for comparing best wound care clinical practices and cost-effectiveness among adults with foot ulcers.
